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The second most abundant shrub on the core and peripheral plots was (“V@smbamma
viscudifforus (Figs 4, 5, Table 1) Although 4. rridentata cover decreased markedly after 1975, ("
vescudiflnrus cover geacrally increased overthe 45 vears, especiafly on the core plots (Fig, 5)

where-cover of O viscidifloras in 1995 was 6.3 tmes that in 1950

The sibystantial inbrease in shrub cover between 1957 and 1965 (Fig 4) corvesponded with
the high precipitation received during that period (Fig 5% Because density of the most common

-shrubs did sot inerease during that period (Fig. R), the increase in cover apparently resulted

targely Trom mereases 1n the stze of exasting shrubs rather than from recrwitment of new

mdividuals

Perenmal prasses contnbuted much Joss cover than strubs on botl core and penpheral
plots {Table 1. Fig 43 On the core plots, eover of perenmial grasses increased exponentially from
B6% in 195G 10 6.2% m 1973 Following this 13-fold increase, peremnisl grass cover decseased
anad haw fluctuated batween 14 and S 0% 0 recent samples . The peak in perenniul grass cover
gpparensly lxpged behind it of shrubs by & devade, bt this may eeflect the dack of daas for

WErveRing vears

Cover of each of the mest common grasses on the core plots iereased many fold hetween
Pasdy and 1973 (Fag. 30 Cover of Ehwus elymardes, Qryzopsts fymenondey, and Stpa comun
declived sharply afier 1973, whnle that of the agropyrons and Poa (datz not shown) remaned high
hetween 1975 and 1983, b thern dropped precipitously by 1985 Cover of the agropyrons, &
elemordes, and 8 comata increased betwoen 1985 and 199485, and all bur the agropyrons remained
high s 1993 (Fig 33 1o comast, cover of 02 Avmenoides has remaned };,:*w over the past decade,

&t aboot the same loved that 1t was s 19387

Ln most cases, cover of shbs and perennial grasses was no corrclated with preqipitation
received 1 the vears the samples were taken, and w no case was cover of & member of either
wroup eorrehited with precipitation received in the year preceding the sample vear {Table 3y
However, a number of sigmificant telanonships between cover and precipnation receved from 3
wy ¥ years garbier were found {Tobde 3. Fig 6) The unly significant correlanons befwesn cover
andd precipitation i the sampsie vear were for Afnpler confértifolia and the poss {Table 3). Cover
b conferiifilio was also correlated with average procipitation recerved over the previous 3, 4,

and $years {Table 3} On the core plots, cover ol the sgropyrons and of Srpa comata were
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positively correlated with-total anpual prec ipitation seceived S years garbier, resulting 1o
margmatly sigmificant correlation between total perenninl grass cover and total annual .
precipitation with & similar lsg time (Fig 6). Total shrub cover was positively correlated with
toza! anmual precipitation recerved 3 vears eadier and stmilar trends were apparent for Artemisia
sraderdate Ghyear Tag) and Uhessotiemius w;wﬂﬁﬁams {S-year iag with growing season
precipatation;’ Fig €3 Swrprisiagly, for the core plotsthere was & sttong negative sorrelasion
bepween cover of Jevadvaia copescens and growing season frecipitidion recerved 4 years earlier
{Fig 63, with a simitar trend on the perpheral plots {Table 3).

Lomyg-terny teesidds du densnty of plens. There wese o obvious correlations between long-term
changes mplant density and precipitation pavterns (Figs. 7, 81 Trends on core and peripheral
nlozs were sinular, so daa for the core plotsonly are shown, Mean deasity of shiubs on the core
plots has changed Hitle over 45 vears, but the standard ervors for mezn shrub densities for 1950
and VIRT wewe much lugher thay those Tor subseguent vears (Fig. 7). Density of the dominan
shrub, Artensier irsdenong, dooreased conaderably worecent decades 2s a conseguence of
widespread die-off {Fig %) Inthis case, thore was a corresponding decrsase o cover of 4.
trafenints (Fig 51 Congontantly, both cover (Fig. 53 and density (Fyg 85 of the next mos
commmon shrub, Cdrvsothamnns vocidiforsy, mocessed. There was no consistent trend in the

domsiry of the ondy commuon suscalent on the study area, Opwatio potuiantho (Fig, §)

Mean density of perenminl grasses appears tohave changed linle between 1950 and 1978
st then moreased sharply and was over twoe-fold hgher in 1985 than 1 provious sample years
Fig 7y Ahbough the densiry of the most comman grasses moreased over the last 2 decades. the
veurs of highest density Jid no eoincide Density of the agropyrons and Sl efymoises
peaked i 1983 during @ wer pertod, while that of Shpo comrta was haghest i 1990 during &

sought {Fre 80 Density of those three groups Puctusted widely in the most receny sampies,
wheress that of Chrvzapsis Ivmenosdes has Ductuated Iitthe over the entire 45 vears (Fig )

The mean densiy of perenmal forbs remamed guite low between 195G and 1965, b
wmgregsed mgmificamiy over the past Z decsdes {Fig. 71 forb density in 1993 was sbout three
1nes that reconded in the earliest samples Densiry of annuals bas varied considerably, b no

wend 18 apparess (Fig 73 Density of gonuils was ouch higher bn 1973 than in any other sample
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year, apparently a consequence of abundant precipitation and a cool spring and early summer (R
Jeppson, personal comumunication).

In miost cases, trends fr;r density have not paralleled those for cover. For perennial
grasses, shrubs, and for-all burone of the common speciés in those groups, mean cover wis not
convelated with mean density across the & years for which both cover and density ware sampled
This was true for the core plots and for the core plus peripheral plots  The only species for which
this relanonship was significant was Stpwr comaks (cote plots, r=073, n =8, P = 0042, all plots.
r=070, 0 =8, P =056 '

Trandy i species richmess soad relationships hetweess richness and cover. The mean species
richness of shrubs, peremmial grasses, and perenmial forbs recorded on the hne-intercep transects
and in the densny quadrats of the core plots generally increased from 1950 (o 1995 (Fig 9y The
it of mereest 1n nchness was Bugher For perermal grasses thar 1or shrubs The mean number of
perennial grass species recorded on the line-intercept transects and of forbs v the densiy quadrats
also tneregsed significamly with tiene on the peripheral plots, but thst of sheubs did not (Fig 9)
The mean number of species of anmoals was more vanable, with rickness bevg loghest in 1973

amid 1995, census vears that had hugh springfearly summer precipiation {Figs 1. 9)

in 1950, perennial grasses were recorded on the line interception trapsects at 23 of the 3%
core plots thay were sampled in each of the O census voars (Fig 10) Thay rumber wereased with
each successive sampling through 1975, simce then perenmial grasses have been recorded by line
mlereeption at all 35 plots. Simifar trends are seen in pooled cover and density data (Table A4},
Although the sumber of plots upon which mdividual species of perenmial grasses has generally

wmereased over the 43 years of recind, there 15 comsiderabide varabatity through time &5 g spocies

. appesrs and thes disappesrs on indiadual plots (Fig 10, Tabde 3% For example, Orvzopses

frvmrinoindes was recorded in cover daga a1 plots i 1963, a0 26 m 1975 bt ondy al 16 m 1978
Stetlarty, Spa comare was recorsded i ether cover or dessity data o 17 pletsin 1937, a1 12w
1965w at 22 m 1978 (Table 43 The number of plots where Ohrysatfamims visotdifforss was

recorded Kas Duetaated muth less bt has increased sharply since 197% (Fig. 10, Table )

Drespute the meregses in mean species richness per ploy, the aguregae species richness for
shrubs and perennisl grasses on the core plois has changed littie (Table 4 Onhv'ihree species of

perenniad prasses, Sporodolus cryprandrns, Stipe thurberioa, sod Flomus iriticoides ocoarred in
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species richness in 6 of censis years (Figs. 11, 125 but the years mwieh those m;atmmmp%
were significant did ot »afmys; coincide. Consistent with these results for individual vears,

ERETEYE SOVET of shrubs was posttively eorretated with wverdge shtpb species rickness, and

wverage perenmial grass cover was positively correlated with average percnmial prass specses

P AT TRy AP B A1
DAt (g, oy
Cover-of shrubs snd perennial grasses combinet was significantly correlated wigh

pombined speciestichness m 4 of ¥ vears, and in each vase the relationsiup was positive

ot

changed more on piols having more spectes of sheubsTFig. 133 Average change o perentaal
grass coner was not sigmificintly correhated wath average perennial grass species nichness,
however, theve was 8 tenddency for change in grass cover 1o be ligher on ploty havisg kighe

pecies richness (Fig, 131 For the coreand peripheral plots combined. whieh were sumpled

sipnificant and postive for both shrubs aad perenmial prasses. Change in eover of shrubs and
perennial prasses combmed was posigively correlated with combined average species richness for

the 35-phot sebset {1 0335, P= 00371 and for the core plus penpherat plots {r = (124, P (10343

The stmdard devianon i shrub cover was pasitvely cotretated with the average number
o shrab species regorded ons plot (Flg 13 This relationship wes no hzwmmm for perennial
geasses, byt there was & tendency for the standard devisnos 1o be larger oo plots having more
species {Fig. 133 The coefficiem of vartation (OV ) of cover was negatively correlated with
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For the subset of 35 plots, standard deviation of cover of shrubs and perennial grasses
combined was positively correlated with average combined species richness {r = 0.37. 9 = 0.0%)
For the same plots, CV-of cover of 'shrubsanﬂ perennial grasses combined was sot significantly
mmmed itk sverage combined species richness (= 0.040, P+ 0.25)

W found no significant correlation between species richness and the magnitude of the
change in percant similacity as measured by the mmi:mum,’iﬁe maximum, or the mean of the
plotwise vearao-year compaeisos (P > 0.1 in all casest. Thus stability in speoies compesition did
ot sppear to be related W species richness
Redatemstips between sheakh and grass cover, and changes in plot simitarity through ume. Figure
14 shenws perennial grass cover plotied agaiost shrub cover for the core plots. There were
significant negative correlations hetween cover of perennial grasses and shrubs in 7 of the @

sample vesrs, the segative corrclation was margmaily sgoiticant m 1583 aswell

This snalysis also shows that the plots have become much more heterugensous in lerms of
vegetil cover since 1956 In 1950, shiib cover ranged from | 2% o 0%, whereas values fanged
from 3% 10 AB% i 1975 and from 1.2% 10 02% m 1995 This invrease i heterogenenty i
apparent in the amount of scarter on the abscissa of Figure 14 In 1930, cover of perennial grasses
ranged Trom 0 10 6.5%, whereas values ranged from 8 6% 10 27% in 1975 and 0.6% 10 ¥%n
1945 Searer on the erdwate of Fig. 14 refiects the fluctuationy o grass cover,

- Thes incresse in heterogeneity s also seflected in s large decrease i percent similanity
among the vore plots aver the 45 vears of record (Fig. 15 Mean percent sumilarsy at each census

devressed linearty with time, from T2% i 1930w 0% 1993

Dascussion

Longaterm trends gt sprecies abimdanoey, spedivs vohmess, amd santlarity among plols, Numerous
studies of semiarid 2cosvatents indicale that once woody species begome dominant as 8 result of
ovurgrasing of gherntion of natutal diswurbance regimes {e g, Hre suppression) the resulag
cohort of unpalatatle woody plants may parsist i long penods (e g Smiens o al 1976, Rice snd
Wesgtoby 1978, Austin amd Witliams 1088, Weaoby eral 1989, Miltos et al 1993, Wiegand and
Milion 1996} Dominance by woody speces often is sccompanied by loss of biodiversity and low

productivity of palatable berbacecas plants. The mertia in such commmuunities 15 a consequence of
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the longevity of individuals of woody species, the usurping of sesources by mature individuals of
those species. and the relative paucity of propagules of herbaceous species. Contemporary modeis
of vegetation dysamics i such systems postulate that the vegetation can exist in one of vinous.
reimi»zzif stable stotes and thut transitions between sates may reguire some Motic or abiotic foree
to drive the system over somme threshold {Westoby et al. 1989, Tausch et ol 1993} ’!husws
enight predict that, in the sbsence of @ magor disturbsnce. the vegetation of a shrub-steppe beavily
dominated by a relatively iong-lived woody species would be quite static

The 1950 data are consistent with the suggeshon (Harmiss and West 1973a) that the area
was heavily giazed by domestic hvestock prior 10 the establishment of the INEEL. Very low
cover of percrenial grasses, low density and richness of perenmial forbs, dominance of plots by
shrubs, prismanily A rridentato, and velarive homogeneity of plots with respect 1o perenntal grass
ansd shruh cover are all consistent with differential responses of spegies 1o heavy grazing
Howaver, the composition and struciure of the vegetation i 1930 alsc may have been influenced
by the profonged drought conditians through the 1950 and 1940's (Fig. 31 Under drought
conditions, stress-tolerant shrubs such as 4. frodeniate miy persistwhile tastar-growing and

selatreedy shorlived species such as perenmial grasses and forbs may suffer conuderable

mortality. Tn shis context, it is impoetant to note that dhwre was little change i the vegetssion

between 1950 and 1957, a period during which precipitation was below sverage

Dresspnte these initig} conditions; the vegetation on the permanent plots at the INEEL hes
heen anyrhing but staic over the past 45 vears After the firss 2.3 decades, perennial grass cover
wri the eure plots was 13 times that recorded titially  Subseguestly it has Suctuated over 4-fold,
from 6.2% 1 1975w L% 1n 1983, bt ot has remamed high relgisve to 1950 (Fg 4) Rimilar
trends were apparent on the periphersl piots (Fig. 43 The substanusl imerease o cover of
perennsal grasses troagh 1975 did not come at the oxpense of the shrub overstory. Shrub cover
wnereased markedly in the frst 15 vears and romemed hizh through 1975 on the core plots and
thirough 1985 an the permpheral piots, & hes decreasedd recently as & resul of widespread montaliy
of Arteamsia midesrare (Fig 41, On the cove plots, mean tichness pes plot of bath shrubs and
perennial grasses has mereased {Fig %), tevertheless, data tor perennial gragses imdicate

substansinl raves of wrnover of mdbaduals within thal furnetonal group (Fig 1
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Whar are the patterns and key drivers of these changes? Do the changes observed since
1950 merely represent siochastic flucruations (sensu Miles 1979) driven by variability in
precipiation, or can -we identify diectional changes indicative of -w'wessiami development?
There is oo doubt that variability in precipitation has contributed W the documented changes in
s.pe;;ifzs composition and abundance  Shrub cover increased by over 500 in response to relatively
High precipitation between 1957 and 1965, and ¥ 1 likely that the exponential increase in cover of
perennial grasses over the first 25 vears reflected favorable morsture conditions in the 19605 and
s (Fig 35 The samphng frequency is not sufficient to determine how closely changes i cover
may track precipitation, bul correlation analyses wndicate there may be 3- 1o S-year lagy in the

responses of spectes or functional grougs to preapiation patterns {Fig &)

Some of the cover dats are difficudt o reconcile with precigitation patterns, but differences
in Tongrvity and patterns of grovth betweesn shrubs and perennial grasses, coupled wirh lagy
betwees recrustment amd marure size, are hikely mvolved Siace the 1983 census, trends o cover
of shrubsand of perennial grasses hive been largely owt of phase (Fig 43 Followmng a generally
wet pencd in the gariy 1980's, cover of both Artemisix trsdoniats gnd Chrysotfamenes viscrlifforus
had jnereased by 198%  Cover of perenmial grasses in 1983, however, was wnomaloasly low (Fig,
%5, whereas thetr density was much hugher than that recorded in any other vear (Fig 73 These data
indicate substantial recrustment of perennial grasses i the carly 19805, but these recruns were
apparently sull very small in 1985 Density data (Fig. 7F suggest some mortalty of perennisl
grasses during the drought of the late 1980'%, bul the survivars had increased sulliciently in statare
o reswsit an a7 B-fold inerease in perennial grass cover on the core plots from that i 1985 by 19080
(Fig. 4}

Species richness for the sggregate 35-plot sample has not changed appreciably since 1930
{Table 43, howewver, the data show 8 general, consistent increase w speies nichness per plot {(Fig
4y These results suggest that the increase in richness of individual plots was nut & conseguence of
pmmigration of new spesies or species that kad become focally exunct at the INEEL, but rather a
comsequenics of expansons of spectes distributions within the sudy area. Populations that were
small and wsolated in 1950 have likehy increased in size and distribution. thereby increasing the
nuniber of species found on & wven plot. Andersen (1986) documented an incresse i the

disribution of pereamal grasses on 35 plots and attriboted shat trend to greater svailabibiny of

propagdes as previously depieted grass populations increased between 1965 amd 1975
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Other than the increase m cover of perennial yrasses during the first 2.5 decades and the
genenal increase in average species richness, we found little evidence of directional changes in
plant species composition. The only obvious directions] change among the common shrub or
perenmial prass species was a consim:;incmse ' the gover of O viscidiflorns. “There wasno
evidence of seral replacemsent among the perennial grasses, nor did members of this functional
gronap vorad 40 respond m concen through tme (Figs. 5.8, 101 Ordinations of the data from the
core plots as well a5 from sealler subsets of plots having high similarity, using detrended
worrespondence analysis and non-metric multidimensional scaling (McCune and Mefford 19953,
failed o identify any common trajectones of plots through time (results not shown) Species

abundance data, then, do éd suppest divectional sucesssion

The $3-vear penod has witeessed 2 subsiantial increase i heterogeneity in vegeative
structyre among plots. Average percent stmilarity of the core plots decroised from 72% in {950
2y 4095 by 1OOS (Fig 15) Thus, as the number of species per plof mereased, the plots divergad in
terms of their species compositon and vegetative structure. This is not the result one might kave
predicred based oo the traditional concept of tange succession that emasions convergente on some
shimuy composition (e g Hukibbe and Hrosaka 198503, but we think that s precisely the
putcome that ene might expect 85 a sagebrush rangeland recovers from 2 state that resulied from

the combaned offents of profonged drought and beestork grtemg

Enber poended drought or exiensive grazing could have decrensed the heteroyeneity
among plots as species less wlerany of droughy o mrasng werg excluded fivn certain plots,
feaving  farger proportion of plots donunazed by droughvor gramng-wleram species. We believe
this was the stare of the study ares when the plots were established in 1950 Incressed
previpitation coupled with reduced Tvostoch gramﬁg allowed spesies torrespond to the small-scale
ditferences o soil nutniens, mitbteabon, or runofY (on weales of U T 1o 100 mithar cregte & mosaic

of petches in which differem species are supéron competitons {sensu Tilman 1982}

Abhough the cors plots cover an area that s Hrly uniform with respect o seils,
topography, end sloge, thse tactors do wary among plots. Furthermore, samples taken 9t each
plot eover an wres large esough o include considerable variation in microtopography, soit depth,
g s0il respurces. Substanbial spataal varnibilaty io the copeentrations of essential plant nutriens

exists af the scateof individual plants w sagebrash steppe (Charley and West (975, Jackson and
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Caldwell 1993 ¢, b, Ryel et al. 1996) Rvel et al {1996} found that “patches of high internal
upiformity” of soil nutrients were generally smalier than 2 m i diameter is 2 sagebrush
community m southeastern ldaho

Tn addition to deterministic competitive outcomes, it-is likely that stlochastic factors also
contributed significantly tor the observéd increase in beterogenaity  Plant establishment depends
on avaiiability of propagules and arrival of those propagules at “safe sites” for germination {sensy
Harper 1977} As depleted populations recover, arrival of propagules at suntable sites depends on

ammltiude of factors inchuding proxamaty of source plams, dispersal charsctenistics of the
propagules, barners 1o dispersal (e g, other plants, microtopographyy, and the vageeies of weather
{wind speed and direction, raiofall smount snd mtensity)  Priority offects sy also be important

a5 propagules srrivany fivst mav gain a competitive advamage over those srnvang later

Thus, we believe that the incresses 1n plan: spectes diversity and bererogeneity from 1930
16 1975 gre largely the result of 4 recovery of vegetation from drought and grazing, reflecting an
crense o the ovtemt to which local varation in resource availability and stochastie varisbles
determined the distribution and abundance of species. The imcrease (o average spenes nchness
per plot {Fig 93, the incregse in average frequency of perennial grasses (Fig 10, Table 4), and the
increase in among-plot heterogeneity with time all are consistent swith this conclusion. Even i
the absence of maor perurbations such as extended drought or overgrazing we can anuctpate
significam fuctuations m local plant speoies composition and abondance Substantial fluctustions
ie pover of shrubs and perenmial grasses from 1973 e P93 (Fig 4) may more acourately reflect
the “normal” rasge of variabion characteristic of sagebrush steppe. Variaton in shrub snd
perennial grass conver o6 the core plots, measured by the stanidard deviation i cover, was
subsimtiadly greater in 1975 than m sarhier vears, however it did not show & consistent incroese
iter 1972

These observations riuse the guestion, a1 what seale should we sxpect models of
saccessional or vegetabion denasaics 1o upphv? Daubenmire (1932} defined & “habuat 1vpe” a3 the
collective srea of land eapable of supporuny a specific plant asspciation al <himax  Daubenmire
i FoR9y argped that g sample consisting of coverage estimates from fifty O 2- x 8.3 frames was
sufficient to charscterize an atea It seems guite clear that Dlaubennnre assumed thes successiomal

refationships would be manifest utthe siale of the INEEL permanent plots. Mot mvestigators
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who have inferred successional patterns from simuliancous samples of arcas representing different
seral stages oy times since disturbanes have miade the same assumpmion E’xampiss m mgehmsh
steppe include Humphwey (19847 andt Huschle and Hironaka {1980%, who m

1o hold, eack piot would have 1o be representative of the range of variation found within the sres
potentsliy-occupied by a panicudar agsociation. Funther, esch plot would have 1o remain

unidistisrbed at the seale of the sample plot for sufficient time for deterministic fe.g competineg)
intersctions to be consummated. W think it s uniikely that either of these conditions generalty

g Ay 16 Sirvrae | mwned svore slate ebmissriee ars e eseein 4
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ghundances of dominam species among plots supports that conclusion

%,

These observations make 1 Sledr that 1o understand the vegetation dvnsnncs of even ths
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cately from ose ur & few plots. The problems of s¢ale 1 refation

o "peneral lews” of suctession were recently addressed by Brand ang Parker (1993Y i expending
ona sutcsssionsl model devefoped by Stewart Picken and colleapues (Pickers o al. 1987, Pickets

and MeDonnell 198%), Ther general framework Ror veetaiion dynamics provides an insighitil

onvenrional models of suceession At the soal A Te

eatabilishment, ditferental svadability of propaguies, and differenmi performance of the species
availabde (Picken et al 1987, Pickett and MeDonnell 19893 ALl of these factors will vary from
plotia plog, both spadislly and temporaily For exmnple, in the shrab seppe a2 the INEEL, small

mizmrals may distarh the son on some plats while harvester ants may creste

athers, such opensgs may be colonized by the exatsc anmual, Sromns iotoram 1 has been

previousty dspersed to thie plot, or by any other species for which Qfaspagwlm are present. Asa

case 1m poiat, Pl 86 was domminered by x‘%ebzusia i VONS; with only a few B, tecioram plants

yeporded By 1940 the s %Vi saah had died snd B feeroraer was the domman s speries preseny  In
pomtisst, al oiher plots where sagebrush cover has beop dramatically rexf.ug:fe;i, B feciornm is either
abgenl of & nor compomrnt of the vegeiaton

The exzent and Hming of such small seale disturbances will vary from plot to plot and,
when couplod with the vaganies of weatber und propagule dispersel, will comribuae 1o the
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heterogeneity among plots. Brond sod Parker (1994) emphasize, however, that disturbanie 35 but
anc of many “envirenmental Inpuis to cortinuous, interactive, dynamie processes, each of which
partially determines recruitment and survivability " They pomt out tht many propagules may
become established without disturbance, so site avatiability should net be thought of as just 8
product of disturbance. Viewed from the perspective of Brand and Parker's (1994) generalized
model, vegewtion dynamics of this sagebrush steppe can be undersicod e the pngoing
mieractions betweena spatally and temporally beterogenesus srvironment and a suite of species
that differ in dispersal capacitics. ard in therr potential for establishing and/or persistng uader

varying environmental conditions

Cover dats for perenmal grasses and shrubs indhcate that, af leaw m cenain vears,
competition muy invpace the abundance of some speaies  Thers were nignificant negative
corrgiations berween prass cover amd shrab cover in vears whes the abundances of these grougs
ware lughest. The pattern of change in cover of 1Heso twn groups Supgests il Brass cover 13
constrngd on plots with grearer shrub cover (Fig. 1) These data we consistent with the
wypolhens that biotic uderactions, such as competinon of predabon, caa play imporntant mdes an
determining the distnbution and abundance ol plam species at the site, bur that then offe ix
controticd by the availabifity of water. Because the aveilabality of water @ highly vanable in time,
the Tesponses of vegetauon w changes in the tvpe and intensity of disturbance probably take
fonger bere than in many other gysterns that are imated by resources that are less variable in tane
Furthermors, the lase varation it precipitation on both vear-to-vesr snd lopgerenm nnse scales
may be inpostant i nsarng the coexistence of shrubs snd poresnal grasses in this esoyystem
Thast variation comtribures 1w the dynamics that precludes convergence on s smble species

composition at the seale of an isdividual sample ploy

Redatiomshups berwsen specis diversay, cover and stebafiry. Tilman e al (1996) reported
positive correlations between wasoular plant cover and species diversey i experimental plots and
1 nittive savanag in east central Minnesota, These results, rouether with warkier reports of o ok
beiwess species doversity and resthense to drought (Tidman and B Haddi 1992, Tilman and
Downing 19945 provide sdditional evsdence tor a link between plant species diversity and
functsonal propertes of ecosystems {McNaughton 18773 We found simihr relationstins s an
ecosystem having different dormnans specaes, o different domna growth forsm, snd lower overall

vegetative cover thas thar studied by Tilman und colieugues Cover was lagher on plots having
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more species, and this was yrue for shrubs and perennial grasses separately and for the two groups
combined,

An obvivus interpretation of these relationships is that in plots having miore species there
was better use of Iimiting resources because of species-specific differences in resource sequisition
panerns und ﬁgmfcmthmé plots produced Higher total vegetative cover {Tilman eral 1996)
Tilman et al offered evidence of more complete otilization of available soil nitrogen on plots
havag more plast species. 1t s not clear what differeaces in resource soquisition might fave
eomtributed to this parteny in this sagehrush seppe, but nitrogen 15 & finiting vedource here a8 well
{Toft et al. 198%, and Bitbrough and Caldwell {1997} found differential responses 1o pulses of
mimrogen amony segebiush steppe species. They speculated thar competition is Hkely intense for

aarlv-spring nurogen puises

w

Undike the grasstands of Minnesota, this sheuh steppe vegetation s clearly water lunied
aned prants exiract vicnsslly 2l of the available soff moi stisre cagh vear {Aadgrw:; e al 19RTY
Anilesson et ol found that svasonal pasterns of water use were similar smonyg four dominant
pasennial spevtes snd aneibated that smlanity 1o the strongly seasomal svadatiny of sod
mensture. Thus, semporal partmionung of witer use within the growing season dogs not ppear o
prisvide 5 basis for differente! resource use amony dominant species in the svstem that woulkd
ageoust tor the ohserved refationships bepween diversity and sover  An aliernative explanation s
that when more species ane present 8 aomore [kely some speeivs will be better able 1o take
advantage of the preveiling environmiemal conditions in g given vewr (Huston 19971 This sont of
temporal niche parttioning with respect to vear-wo-vear variabidity i chimate ts thought 1o
provmote Co-exsstence among species {Chesson and Huntly 198% 1963 19873 amd s may inturs
sormrbuie to mantensnes of bigher mean bevels of productdsiny and o reduced redative varmbilany

i productiviey among vaars

We Found, a3 did Toman (1998, thet the relanve change 1 cover from vear 10 voar was

negatively corrglzed with species richness; Bowever, she magnitude of variation in sbsolute

- cover was positively correlated with species richness {Fig 133 This cuteome isconsistent with

the iden that ligher vichiness increases the probabitity of & ypecies being presend that can

sigorousty respond o favorahle condittons such as abundary sinfall

I
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{1 is also possibile that the observed relationships between species richness and cover
reflect & productivity gradient among the plots. Along a gradient from very fow 1o high
productivity, diversity typically 1s highest at infermediate levels (Grime 1973) In a sagebrush
steppe, where productivity may be severely constrained by water availability and edaphic factors
including shallow soils, we would expect plots 1o vary in their capacity o produce biomass. A
bigher capacity for biomass production on some plows may allow more species to survive {Huston
Ty

The data from the permanent plots o nod provide & basis for choosing smong these
ahermatives Nevertheless, the correlations between vichness, cover, and varighion i cover are
highly stgmficant and show that, regardiess of the cause, plots baving greater species richness
temd to vary less in cover, and presumably 1n producniesty, in relation to their meas level  Plots

having greater speeies nchoess alvo rend s mamtan higher levels of cov

Thes core versuy the perrpineral plors. Stvilar changes have oceurred on the pare wl peripheral
olors. These irclude w larpe morrase insheub cover durng the first 2o 3 decades, large ingreases
a the sbundance of perennsal grasses singe 1930, increases in mean nchness per plot, and an
norease 0 beterogencity among plots The overall structure of the vegetation on the two groups
of plots was also quite sumiar a1 the most recent sampling (1995, Tables 1, 33 Towal vascols
plant cover was almost wdeatical on the vore and perpheral plots and the comributons of shrubs
and perennial grasses 1o total cover were similas Relative cover of peresnapl forbs was also
sundar {7 7% s 10 3% om the core and periphesal plots, respectively). The magor difference
bevween the two sets of ploss was m oover of annuals and Isesmials. This group comabuted 28%
of the vaseular plant cover on the core plots, bt only 13% on the penphesat plins The numbers
of anmagds and bieonials swere similar on the core mod peripheral plocs, but therr comributions
differed substantally. Cover of nattve and introduced anmuals on the core plots was essemtially
eigwal. whereas on the perpberal plovs native snnoals and enmials produced twice the cover of
stroduned ones. ‘

These are not the resalts thay one might have expected m a comparison of a grazed vs an
angrazed area. but, 35 we have em;ﬂmimé in Methods; it would be mappropriate to atrribute any
af the resudts 1o differences in Hvestook graging beosuse the sample is not representative of the

wrarend wrea and because of wanous confounding varishles. The higher sbundunee of exotics on

3%
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the core plots may simply reflect mgher availability of suiable habitat. Aside from those
differences. it seems reasonable 10 conclude that the same mechamsms have been responsible for

the roughly paraliel changes smee 19530 o the core and penpheral plots,

Inviavicns of Bromnes tectorum, Data Trom the Jong-term vegetstion plotg indicate & very rapid
expansion of the distribution of 8. rectorum at the INEEL in the decade between 1965 and 1573,
and the number of plots upon which it was recorded hius generally incressed s more racent
samples {Table 23 This oceurred in the sbsenve of any major disturbance to the area sampled by
the core plows. Clearly, B tectren can invade native vegetation without Sacilitation by
disturbanses sueh as livestock grazng orfire  Does this smply that conversion of the vegetution a1
the ENEBL o 8. secrormmdominated annual commanities, such as bas cocurred elsewhere on the
Stake River Plain (e, Whisenant 159903 s inevizable? We doubt s will be the case. so long 45
hiealthy populigions of native species are mamtained The distribution of B jeciorum at the

INETL, 15 somesvhat himited by edaphic fetors, o oeours rarely and does no do well on sitia

hisving fine woured clavey soils (Rasmuson 19905, ach s oo on the plavas and fakebed

sediments of Plotstovene Lake Tenston  Although & tocrormm hag spread 1o most areas heving
cosrser textuved sosls, it has displsced the naive vegeiation on those sress infeequently. On Pl
S6, B tectornm was tare 1 1985, but sccounied for over hall of the vascular plant cover i 1990

and 1995 Such examples are uncommoen. bwever, and the bulk of the evidence available

sagyests that because satove plam populanions are generally throvmg ue the INEEL, 8. rectoran
does aix pose the threat thae 1t doos efsewhere. The exeepilon miay be o areas subject to beavy
grazing where native plant populstons have been severely wmpacted. B lechormm has become &
dominant species on several thousasd hectans on the pontheast side of the INEEL that have been
feavidy grazed by sheep in recent years (R Blew, personal commumcation)  Additional research

s showid be underaken i an effor o more Tty usderstand the potemtial for

ah i

comvession of nattve steppe 1o fre-grone annual commumities

Sanazement imphicanons,. Designataon of the INEEL as 5 Natons! Environmental Research Park
w1975 gmphasized dy smportance a5 o feld laborasory foe conlogcal research Subsequent
research has siiown that the INEEL is g umigue resenair of the genetic diversdy of sagebrush
sleppe, SUppoTHing some $00 speces of vascular plams { Anderson et sl 1996) and 2 nch
complement of nanve ammals Compared with areas that have & long fstory of livestack graving,

the INFEL sepports @ peh diversity of navve forbs Elghty-five percent of the species are natives,
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and three-fourths of those are forbs. Data from the pormanent vegetation plots are amonyg the
way or o o s g b v x dx siy B e e o bbb e kg t&‘ s $ovrersnben al smovenononharres  Fie i sk Part shieisid b
SEI LOHHPITCUTLE VL BARM QT L Qi DU D BTy AR LA 14 WSAla W aIRiks. RVl K LRI JRIURM LR

mazde (o maintain the integrity of the permanent plots-and 1o ensure that they are sempled
penodically  Anthropogenic distrbances at the INEEL should be minimized, especiaily on the
“ggre wrea” - that wres currently closed @ frvestack grazng. The curvent grazing boundary skould
be mamiained and enforced. A monttoring program shouid be implemented 1o cosure tha

rerad e doee et doorads i &um’nptaﬁnn ;ftg figvk et SOV COYTTRDY
£ g AR L LRk E2 i) FERCL G5 S

aruas have been severcly impacted within the last two decades

The sheer size of the pore grea makes 8 unique among proveciesd srens of sagebrush steppe

This 15 an ares large enough 1o study landscape-level processes and 1w sccommaodate natural
PRSP P SUULE. NN ST URNp: Bl S S Wy cosmans amwvwy phesni bl S eesmacseod @ n oaativeat
FURLHALIEE DIMLRGRINLS Ol BRXMaaia TR RANE AL AlE % SHATIGHART A0 B GRS

preseve, insofir as possible This would melude aliowing wildfires wo run their course so Jong as
they did not thresten facilities  We recommend thigt existing roads and natural fire breaks {e .,
fava puscrops, the Bag Lost Bover) be used o comtro] fires whesever possible and that new fire
fuves Do cut only when necessary 1o prodest facilities  Data from aress burned in large fres at the '

INEEL m 193
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vigeianisn of burned areas, so there 1s no need 0 artificially seed aress that have umed {S
Patriok arad | Anderson. unpublished data) so long as healthy popuiations of native species werg
present betors the fire. Areas subjected 1o human disturbances that desiroy vegetation should be
yuickly revegetated with native species. Introduction of soneaative specres should be avoded,

ancd an ageressrve weed controd program to bmst the spread of noxious weeds such gs mask thistle

vellow star thissle (Cemaren sedvtitialid should be implemented  Becsuse of ther peraistence
and abaliy o mvede undisturbed native yegutanon (harlette and Amderson F9R6), further
erodustons of crested whestarasses {(Aprapvron orsiamm nd A desertorsm ) should be
restricted to seversly disturbed sites sooh as waste managemerd areas or ndfills

We do mos have sulficient da1s 10 peconumend changes 1o masagemint on the areas opes o
Tivestock grazing However, the dbserved lags in responses of species or bife orms o

precipitation sugsest that stocking sates should be based on more thar the curtent vear's

preciptanon . tseems clear from the date that once this system becomes degraded (g,
s‘innms e vt e rii’g{yhﬁunz Tovan Perermis] arvadn sossrd coshaeher Sveen reciiapiied drmriaht avoescs
GUPAUPLTAle OF SPORISL, Ny DOTOTIIA Brash Cover) wheiher fTom prodanged Arougnl exsessivg




grazng, of both, it will likely take decades 1o recaver. Modest stocking rates with periodic rest
may b necessary 1o allow recruiiment and long-term maintenance of typical levels of diversity in
the system  Positive relationships between diversity and tover indicate that msntenance of mgh
jevels of diversity wouid-also help maintzin ﬁ%gﬁ productivity “Fhus, & conservative grazing

syrategy 15 warranted
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